We performed a prospective, randomised trial in 39 patients with open tibial fractures treated initially by external fixation to compare cast immobilisation (group A) and intramedullary nailing (group B) as a sequential protocol planned from the onset of treatment.
The treatment of open fractures of the shaft of the tibia is controversial. Although the general principles of aggressive debridement, stabilisation, antibiotics, prompt soft-tissue cover and early bone grafting are accepted, it is not clear which is the best method of stabilising Gustilo grade-II and grade-III 1 fractures. The initial management by external fixation is well established since it allows immediate stabilisation with access for management of the soft tissues. [2] [3] [4] Attention has been drawn, however, to the possible complications associated with this technique such as pin-track infection, delayed union, nonunion and malunion. [5] [6] [7] Some surgeons [8] [9] [10] [11] [12] [13] use external fixation as a primary treatment until the soft tissues have healed and then employ another technique to secure union. Theoretically, the biomechanical and biological advantages of reamed intramedullary nailing would be expected to give good results, 10, 14 but the method has hazards, in particular infection. [15] [16] [17] [18] To help to control the risk of infection, nailing can be delayed for a 'safety interval' after removal of the fixator. [8] [9] [10] 12 We had some cases of poor healing of severe open fractures treated by external fixation alone or followed by immobilisation in a plaster cast. Magyari et al 19 reported
good results using functional braces, but others report malunion in 33% 20 and 30% 21 of fractures and nonunion in 28%. 22 We know of no randomised studies which compared the results of the application of a cast with intramedullary nailing after a short period of external fixation. We therefore performed a prospective study to compare the early functional recovery and overall results with these two methods of management.
PATIENTS AND METHODS
All patients had an open Gustilo grade-II, grade-IIIa or grade-IIIb fracture of the shaft of the tibia more than 5 cm distant from the knee or ankle and no other significant injury. They were all skeletally mature.
The trial was approved by the Clinical Studies Committee of our hospital, and every patient gave informed consent. Patients were assigned either to conservative treatment (group A) or nailing (group B) by drawing from random tables of numbers.
Of the total of 39 patients, 22 were in group A and 17 in group B. Age, gender and the incidence of high-energy injuries were distributed evenly in the two groups. The patterns of fracture, comminution and soft-tissue damage were evaluated as described by Winquist 24 and by the Gustilo 1 subclassification (Table I) , and we found no significant differences between the groups. The mean length of follow-up was 23.4 months (26.1 months in group A and 20.7 in group B). All patients were treated with short-term broad-spectrum antibiotics and prophylaxis against tetanus. At the emergency operation wound excision was carried out with copious irrigation. The Wagner monolateral system of external fixation was used until the soft-tissue management had been completed (Fig. 1) . After removal of the fixator group A was treated by a patellar-bearing plaster cast 23 and progressive weight-bearing was encouraged. Group B was managed in a long-leg plaster cast for a short time (mean 10 days) and reamed intramedullary nailing was then undertaken with proximal or distal locking. 24 Thirty minutes before nailing 2 g of cefonicid were given intravenously for prophylaxis. At follow-up union was determined by the ability of the patient to walk without pain, radiological evidence of bridging callus and lack of pain or movement at the fracture when stress was applied. 25 All the patients were reviewed independently by one author (PA-A). Statistical analysis of the results was applied on the basis of the initial intention to treat, so that patients in group A who required late surgical intervention were assessed in group A.
The chi-squared test was used to assess categorical variables such as the site of the fracture and the Gustilo grade 
RESULTS
The external fixator was removed at a mean of 34.6 days in group A and 27.0 days in group B. The mean time for healing of the wounds was 26.3 days (5 to 50). In 11 patients early coverage of the exposed bone was achieved by local flaps or free-tissue transfer within one week of injury. Primary wound closure was obtained in 28 patients. The time to bony union was significantly shorter in group B (26.3 weeks) than in group A (35.4 weeks) (p = 0.0427; Table II) .
Group B spent longer in hospital than group A (average 22.8 v 13.3 days, p = 0.0036) but group A had significantly more outpatient visits and radiographs than group B (p = 0.0015) (Table II) .
Malunion was seen more frequently in group A. Eleven of the 22 patients had lateral or medial bowing at the fracture site. In group B there were four with minimal shortening but angular deformity was not seen (Table III) . The range of movement was less in group A than in group B (Table IV) . Statistical comparison was not possible because of the small number of patients. Complications. We defined nonunion as a fracture which failed to unite clinically, inability to bear full weight without pain, 10, 12 and no evidence of healing on radiographs 11 six months after the original injury. 4 Eight patients in group A had nonunion and needed further treatment. All achieved union at an average of 16.3 weeks after reamed intramedullary nailing (Table V) .
Patients were taught to clean the external fixator pins at home. Pin-track infections with a discharge and cellulitis 26 were seen in eight patients (20.5%), and were controlled with a short course of antibiotics. One patient in group B had a deep infection after intramedullary nailing; healing occurred after removal of the nail followed by external fixation and tibiofibular grafting (Table V) . 4 The best course of management after the wound has healed is less clear. There are many reports of the use of secondary nailing as a reconstructive procedure in malunion, delayed union and infected nonunion. 2, 8, 11, 13, 15, 27 We have used the external fixator for temporary stabilisation while the soft tissues were reconstructed (Fig. 1) . There was no statistically significant difference in the groups in regard to the duration of external fixation (27.0 days in the nailing group and 34.7 days in the control group). The fractures were complex; 41.1% were Winquist type IV 24 which represents comminution without contact between fragments and 68.8% were Gustilo type III 1 with severe soft-tissue damage. This level of injury was considerably greater than that reported in previous series 9, 10, 13 (Table   VI) . Our aim was to return the patient to full function as quickly as possible. Immobilisation in a plaster cast for a long time is often needed. Healing may then be in acceptable alignment, but there may be significant morbidity. We found a high incidence of nonunion, angular malunion and recurvatum; these patients in group A required more radiographs and visits to the outpatient clinic.
A high incidence of infection has been noted secondary to delayed intramedullary nailing. 5, 9, 28 We had one serious infection in 17 patients (5.8%) ( Table V) . Pin-site infection due to prolonged external fixation has been noted by many authors, 8, 10, 29 and to reduce this risk many have decreased the time of external fixation with a planned interval between the removal of the frame and the placement of the intramedullary nail. We waited for granulation at the pin sites before secondary nailing, after a delay averaging ten days, and gave antibiotics before operation. We were impressed by the overall efficiency of secondary intramedullary nailing, with significantly less time to union and fewer complications ( Table V) . The relative disadvantages are the need for another surgical procedure and a longer period of hospitalisation (Table II) . Early weightbearing enhances healing and functional rehabilitation after fractures of the tibia.
We consider that severe open fractures of the shaft are treated better and more efficiently after primary external fixation by secondary intramedullary fixation than by secondary immobilisation in a cast.
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